Many kinds of y-glutamyl peptides have been found in the central nervous system and it has been reported that they function as neurotransmitters.1~3) Besides them, there are several y-glutamyl peptides which are biologically active, for example, glutathione (y-glutamylcysteinylglycine, GSH) exhibits antidotal and antioxidative functions in mammals.One of these bioactive y-glutamyl peptides, y-glutamyltaurine (y-GluTau), is found at very low concentrations in tissues other than nerve tissues,40 although it was first isolated from the parathyroid gland.5'6) It has been proved that y-GluTau has vitamin A-and taurine-like activities,7} and that it enhances the influence of vitamin A,8) antagonizes the effects of cortisone, thyroxine and prednisolone,9) increases renin activity in plasma,10) and enhances the macrophage reaction in rat thymus tissue cultures.U) Moreover, it is knownthat the peptide has an influence on metamorphosis and a protective effect against X-rays.7'12) Recently, we partially purified y-glutamyltranspeptidase (GGT) from Penicillium roqueforti (IFO 4622), which is a high GGT producer, and found that taurine was a good y-glutamyl acceptor in the GGT reaction, 3239 where L-glutamine was used as the y-glutamyl donor (unpublished data). Then, we investigated the formation of this valuable peptide, y-GluTau, from taurine and L-glutamine through the GGTreaction using this microbial strain. In this study, to reduce labour and cost, a crude extract of wheat bran koji prepared with this strain, in which GGT was present, was used as the source of GGT.
Materials and Methods
Microorganism and koji culture. Penicillium roqueforti (IFO 4622) was used. This strain was grown at 28°C for a few days, i.e., until spores were well formed on an agar slant containing 2% malt extract (Difco), 0.2% yeast extract (Difco) and 2%agar, pH 6.5. Five ml of sterilized water waspoured into the slant tube, followed by vigorous stirring to prepare a spore suspension. A koji medium composed of 30g wheat bran moistened with 25ml of distilled water was prepared in a 15 cm-diameter petri dish. After autoclaving the latter at 120°C for 30min, the spore suspension was inoculated into the wheat bran and mixed well. Cultivation was carried out at 28°C for 84hr. After 36hr cultivation, the koji culture was mixed again for aeration.
Extraction of the enzyme. All procedures were carried out at 4°C. The wheat bran koji culture was extracted with twice its weigh of distilled water for 12 hr and then filtered through cotton cloth. Ammonium sulfate was added to the filtrate to achieve 60%saturation and then the mixture was centrifuged at 8,000xg for 20min. To the supernatant, ammonium sulfate was added to achieve 90% saturation. The mixture was centrifuged at 8,000 x g for 20min. The precipitate was suspended in a small volume of potassium phosphate buffer (pH 7.0, 10mM)and then dialyzed against the same buffer. The dialyzed solution was used as the GGTpreparation.
GGTassay. The GGTactivity was determined as described previously.13)
Formation of y-glutamyltaurine (y-GluTau). The standard reaction mixture, comprising 5mM L-glutamine, 50mMtaurine, 100mM Tris-HCl buffer (pH 8.5) and 0.3 units/ml of GGT, in a final volume of 2.0ml, was incubated at 25°C for 12hr.
Aminoacid analysis. The reaction products were analyzed with an amino acid analyzer (Kyowa Seimitsu K-10IAS) and by high voltage paper electrophoresis (HVPE), as described in our previous paper.14) y-GluTau was quantified by comparing its peak area on the amino acid analysis chromatogramor its ninhydrin color on the HVPEpaper with that of authentic glutamic acid. In this study, >'-GluTau was quantified mainly with the amino acid analyzer. y-GluTau gave a glutamic acid peak 1.07 times as large as that on the amino acid analysis chromatogram after complete hydrolysis with 2 n HC1. Therefore, the value obtained for y-GluTau was multiplied by the coefficient of 1.07 to quantify glutamic acid.
Isolation ofy-GluTau. For large scale production of yGluTau, the peptide was purified and isolated by means of ion exchange column chromatography according to method of Varga et al.l5 ) A Dowex 1-X2 (200-400 mesh, acetate form) column (4 x 40cm) was used. Linear gradient elution was carried out, from 0.02m sodium acetate buffer (pH 2.6) to a mixture offormic acid, acetic acid and water (1 :2: 16 by volume, pH 1.5). The eluted y-GluTau was detected by HVPE. y-GluTau was eluted at around pH 2.0. For small scale production of the peptide, it was purified and isolated by HVPE.
Hydrolysis of y-GluTau. The y-GluTau isolated was hydrolyzed with 2n HC1at 120°C for 60min in scaled tubes and with the purified glutaminase from Aspergillus oryzae MA-27-IM.16) The reaction mixture, comprising yGluTau, 100mM Tris-HCl buffer (pH 8.5) and 0.2 units of the Aspergillus glutaminase, was incubated at 37°C for 12hr. The hydrolysis products were analyzed with the amino acid analyzer. lH-NMRspectrometric analysis. The^-NMRspectrum was obtained in D2O with a Hitachi Model R-22 (90 MHz)spectrometer and the chemical shifts were expressed relative to tetramethylsilane (TMS) as an internal standard.
Massspectrometric analysis. The secondary ion mass spectrum was obtained with a double-focusing mass spectrometer (Hitachi M-80A) fitted with a secondary ion mass spectrometry (SIMS) ion source. The sample, dissolved in a glycerol matrix on a silver target plate, was irradiated with a 8keV xenon ion beam. The secondary ion was accelerated with a 3 keV voltage differential.
Chemicals.
The ion exchange resin, Dowex 1-X2
(200~400 mesh), was purchased from DowChemicals
Co., Ltd. Other chemicals were the best grade available commercially.
Results and Discussion
Confirmation of y-glutamyltaurine (y-GluTau) forma tion y-GluTau was formed enzymatically under the standard conditions described under Materials and Methods. Chromatograms of the reaction mixture after 12 hr incubation on high voltage paper electrophoresis (HVPE) (Fig. 1A) and on amino acid analysis (Fig. IB) are presented.
y-GluTau emerged without overlapping other spots or peaks. y-GluTau was isolated and purified from 5ml of the reaction mixture by HVPE,and gave a single peak on the amino acid analysis chromatogram ( Fig. 2A) . The purified y-GluTau was hydrolyzed with 2 n HC1 and with the purified glutaminase from A. oryzae MA-27-IM. On hydrolysis with 2n HC1, y-GluTau was hydrolyzed completely, giving taurine and glutamic acid in an equimolar amounts (Fig. 2B ). On hydrolysis with the purified glutaminase, the peptide was partially hydrolyzed, yielding taurine and glutamic acid in an equimolar amounts (Fig. 2C) . These results confirmed the y-GluTau formation by GGT from P. roqueforti (IFO 4622).
Optimal temperature and pH for y-GluTau formation y-GluTau was formed in the standard reaction mixture described under Materials and confirmation of y-GluTau formation by HVPE. Lane 1, the reaction mixture at Ohr incubation; Lane 2, the reaction mixture at 12hr incubation. B, the chromatogramof the reaction mixture at 12hr incubation, obtained with an amino acid analyzer. Fig. 2 . Preliminary Identification of y-GluTau. The amino acid analysis chromatograms of (A) the purified y-GluTau, (B) the sample after hydrolysis of the yGluTau with 2n HC1 and (C) the sample after hydrolysis of y-GluTau with the purified glutaminase from Aspergillus oryzae MA-27-IM.Conditions for the hydrolyses are given under in Materials and Methods.
Methods. The optimal temperature was 25°C and the optimal pH 8.5, which is the optimal pH value of the GGT.17) Under these conditions, 3.4mM y-GluTau was formed, with a yield of 68% as to L-glutamine, after 6hr incubation.
The amount of y-GluTau formed decreased at temperatures higher than 30°C, which seemed to be caused by the heat lability of the GGT.17) Effect of the L-glutamine concentration on yGlu Tau formation y-GluTau was formed using 50mMtaurine and various concentrations of L-glutamine (5 to lOOmM)at 25°C, pH 8.5. The amount ofyGluTau formed increased with the L-glutamine concentration. With lOOmML-glutamine, the highest yield of y-GluTau was obtained (19.2 mM after 48hr incubation).
After an additional 48hr incubation, the amount of yGluTau decreased.
Effect of the GGTconcentration on y-GluTau formation y-GluTau was formed from 50mM lglutamine and 50mM taurine with various concentrations of GGTat 25°C, pH 8.5. As shown in Fig. 3 , both the amount ofy-GluTau formed and the formation rate increased with the GGTconcentration up to 0.6 units/ml. But further y-GluTau formation did not occur with 1.0 unit/ml ofGGT. Therefore, 0.6 units/ml of GGT was the most suitable under these conditions.
Formation ofy-GluTau with high concentrations of substrates y-GluTau was formed using various substrate concentrations at 25°C, pH 8.5. With a molar ratio of L-glutamine to taurine of 1 : 1, the concentration of the substrates was increased up to lOOOmM. As shown in Fig. 4,   Fig. 3 . Effect of the GGTConcentration on y-GluTau also indicates that the peptide was y-GluTau.
In this study, a large amount of y-GluTau (105mM) was formed enzymatically from lglutamine and taurine by the GGT of P. roqueforti (IFO 4622) . The present reaction system has three advantageous characteristics: ( i ) L-glutamine can be used as a y-glutamyl donor, which is cheaper than other y-glutamyl donors (glutathione, y-glutamyl-/?-nitroanilide, etc.); (ii) the formation of y-GluTau does not require complicated operations or reaction systems, because a crude extract from wheat bran koji with P. roqueforti (IFO 4622) can be used in a simple reaction system composedof the two substrates and the extract; and (iii) the peptide can be formed using a harmless microorganism, P. roqueforti (IFO 4622), which is used for cheese fermentation.
Based on our results of previous and present studies, we are trying to apply the GGTof this strain to the production of other valuable yglutamyl compounds.
